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(57) ABSTRACT

Embodiments of the present invention provide a chip package
including: a semiconductor substrate having a first surface
and a second surface; a device region formed in the semicon-
ductor substrate; a dielectric layer disposed on the first sur-
face; and a conducting pad structure disposed in the dielectric
layer and electrically connected to the device region; a cover
substrate disposed between the chip and the cover substrate,
wherein the spacer layer, a cavity is created an surrounded by
the chip and the cover substrate on the device region, and the
spacer layer is in direct contact with the chip without any
adhesion glue disposed between the chip and the spacer layer.
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CHIP PACKAGE AND METHOD FOR
FORMING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/649,870 filed on May 21, 2012, entitled
“Chip package and method for forming the same,” which
application is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a chip package and a method for
forming the same, and in particular, relates to a chip package
formed by using a wafer-level packaging process.

2. Description of the Related Art

The chip package packaging process is one important step
when forming electronic products. A chip package not only
provides protection for the chips from environmental con-
taminants, but also provides a connection interface for elec-
tronic elements therein and chips packaged therein.

Because the conventional chip packaging process is com-
plicated, a simplified chip packaging process is desired.

BRIEF SUMMARY OF THE INVENTION

According to an illustrative embodiment of the invention, a
chip package includes: a chip, comprising: a semiconductor
substrate having a first surface and a second surface; a device
region formed in the semiconductor substrate; a dielectric
layer disposed on the first surface; and a conducting pad
structure disposed in the dielectric layer and electrically con-
nected to the device region; a cover substrate disposed on the
chip; and a spacer layer disposed between the chip and the
cover substrate, wherein a cavity is created and surrounded by
the spacer layer, the chip and the cover substrate on the device
region, and wherein the spacer layer directly contacts the
chip, and no adhesion glue is disposed between the chip and
the spacer layer.

According to another illustrative embodiment of the inven-
tion, a method for forming a chip package includes: providing
a wafer, comprising: a semiconductor substrate having a first
surface and a second surface; a plurality of device regions
formed in the semiconductor substrate; a dielectric layer dis-
posed on the first surface; and a plurality of conducting pad
structures disposed in the dielectric layer, where each of the
conducting pad structures is electrically connected to one of
the device regions, respectively; providing a cover substrate;
forming a spacer layer on the wafer or the cover substrate;
mounting the cover substrate onto the wafer such that the
spacer layer is located between the wafer and the cover sub-
strate, wherein a plurality of cavities is created and sur-
rounded by the spacer layer, the wafer and the cover substrate,
and each of the cavities is located over one of the regions,
respectively, and wherein the spacer layer directly contacts
the wafer, and there is no adhesion glue disposed between the
wafer and the spacer layer; and performing a dicing process
along a plurality of predetermined scribe lines of the wafer for
forming a plurality of separated chip packages.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be further understood by reading
the subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:
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FIGS. 1A-1F show cross-sectional views of the formation
of'a chip package according to an embodiment of the present
invention.

FIGS. 2A-2B show cross-sectional views of the formation
of a chip package according to another embodiment of the
present invention.

FIGS. 3A-3F show cross-sectional views of chip packages
according to embodiments of the present invention.

FIGS. 4A-4C show cross-sectional views of chip packages
according to embodiments of the present invention.

FIGS. 5A-5B show cross-sectional views of the formation
of'a chip package according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

The manufacturing method and method for use of the
embodiment of the invention are illustrated in detail as fol-
lows. It is understood, that the following disclosure provides
many different embodiments, or examples, for implementing
different features of the invention. Specific examples of com-
ponents and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and
are not intended to be limiting. In addition, the present dis-
closure may repeat reference numbers and/or letters in the
various examples. This repetition is for the purpose of sim-
plicity and clarity and does not in dictate a relationship
between the various embodiments and/or configurations dis-
cussed. Furthermore, descriptions of a first layer “on,” “over-
lying,” (and like descriptions) a second layer, include
embodiments where the first and second layers are in direct
contact and those where one or more layers are interposing
the first and second layers.

A chip package according to an embodiment of the present
invention may be used to package a variety of chips. For
example, the chip package of the embodiments of the inven-
tion may be applied to active or passive elements, or elec-
tronic components with digital or analog circuits, such as opto
electronic devices, micro electro mechanical systems
(MEMS), micro fluidic systems, and physical sensors for
detecting the physical quantity variation of heat, light, or
pressure. Particularly, a wafer scale package (WSP) process
may be applied to package semiconductor chips such as
image sensor devices, light-emitting diodes (LEDs), solar
cells, RF circuits, accelerators, gyroscopes, micro actuators,
surface acoustic wave devices, pressure sensors, ink printer
heads, or power MOSFET modules.

The wafer scale package process mentioned above mainly
means that after the package process is accomplished during
the wafer stage, the wafer with chips is cut to independent
packages. However, in a specific embodiment, separated
chips may be redistributed overlying a supporting wafer and
then be packaged, which may also be referred to as a wafer
scale package process. In addition, the above mentioned
wafer scale package process may be also adapted to form chip
packages of multi-layer integrated circuit devices by stacking
a plurality of wafers having integrated circuits. In one
embodiment, the diced package is a chip scale package
(CSP). The size of the chip scale package (CSP) may be only
slightly larger than the size of the packaged chip. For
example, the size of the chip package is not larger than 120%
of' the size of the packaged chip.

FIGS. 1A-1F show cross-sectional views of the formation
of'a chip package according to an embodiment of the present
invention. As shown in FIG. 1A, a wafer 10 is provided. The
wafer 10 may be a semiconductor wafer, such as a silicon
wafer. The wafer 10 may comprise a semiconductor substrate
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100 having a first surface 100a and a second surface 1005.
The wafer 10 may have a plurality of predetermined scribe
lines SC. The wafer 10 may also have a plurality of device
regions formed in the semiconductor substrate 100. There are
various devices, such as an opto electronic device, formed in
the device regions 102. The opto electronic device may be an
image sensor device or an illuminating device.

The wafer 10 may further comprise a dielectric layer 106
disposed on the surface 100qa of the semiconductor substrate
100 and a plurality of conducting pad structures 104 disposed
in the dielectric layer 106. Each of the conducting pad struc-
tures 104 electrically connects to one of the device regions
102, respectively. In an embodiment, an optical element 108
may be optionally formed in the device regions 102. The
optical element 108 may comprise a lens/or a color filter
layer.

Then, a cover substrate 110 is provided. The cover sub-
strate 110 may have a size and profiles similar to the size and
profiles of the wafer 10. The cover substrate 110 may be a
transparent substrate, such as a glass substrate. In an embodi-
ment, the cover substrate 110 may be an IR glass substrate.

Then, a spacer layer 112 may be formed on the wafer 10 or
the cover substrate 110. In the embodiment shown in FIG. 1,
the spacer layer 112 is formed on the cover substrate 110. The
material of the spacer layer 112 may comprise (but is not
limited to) an epoxy resin, a silicon gel polymer, or a combi-
nation thereof. In an embodiment, the spacer layer 112 may
be adhesive itself and can directly bond onto the cover sub-
strate 110 or the wafer 10. In addition, the spacer layer 112
may be cured using a curing process, such as a heating process
and/or an illuminating process. In an embodiment, the spacer
layer 112 comprises a photoresist material and is able to be
patterned by exposure and development processes.

For example, in an embodiment, a spacer material layer
(not shown) may be formed on the cover substrate 110 using
a spray coating process or a spin coating process. Then,
exposure and development processes may be performed to
the spacer material layer for patterning the spacer material
layer as the spacer layer 112 shown in FIG. 1A. In another
embodiment, the steps of forming the spacer layer 112 may
comprise performing multiple deposition, exposure, and
development processes, for forming a stack of a plurality of
patterned material layers. In this case, the spacer layer 112
may comprise a stack of a plurality of patterned material
layers. These material layers may comprise the same material
and have interfaces therebetween. In an embodiment, the
interfaces may be detected by optical measurement or
observed by electronic microscopy. In another embodiment,
the materials of the material layers are not completely the
same.

Then, as shown in FIG. 1B, the cover substrate 110 is
mounted on the wafer 10 such that the spacer layer is located
between the wafer 10 and the cover substrate 110. In an
embodiment, the spacer layer 112 may be bonded to the wafer
10 since the spacer layer 112 is adhesive. Then, the spacer
layer 112 may be optionally cured. Cavities 109 may be
created and surrounded by the spacer layer 112, the wafer 10
and the cover substrate 110. Each of the cavities 109 may be
located over one of the device regions 102, respectively. The
optical element 108 may be located in the cavities 109. The
spacer layer 112 may directly contact the wafer 10, and no
adhesion glue is disposed between the spacer layer 112 and
the wafer 10. In an embodiment, the wafer 10 may comprise
an optical layer (not shown, such as a color filter layer) on the
semiconductor substrate 100 or a flat layer (not shown) on the
semiconductor substrate 100. In this case, the spacer layer
112 may directly contact the semiconductor substrate 100, the
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dielectric layer 106, the optical layer on the semiconductor
substrate 100, or the flat layer on the semiconductor substrate
100. Since there is no adhesion glue disposed at the two ends
of the spacer layer 112, displacement between the semicon-
ductor substrate 100 and the cover substrate 110 may be
prevented. In addition, the optical element 108 on the device
region 102 may be also prevented from being contaminated
by the adhesion glue.

The embodiments of the present invention are not limited
to this. In another embodiment, as shown in FIGS. 5A-5B, the
spacer layer 112 is formed on the wafer 10 first. Then, the
cover substrate 110 may be bonded onto the spacer layer 112.

As shown in FIG. 1B, in an embodiment, the projection of
the spacer layer 112 on the surface 1004 is located between
the projection of the conducting pad structures 104 on the
surface 100a and the projection of the device regions 102 on
the surface 100a. In an embodiment, the projection of the
spacer layer 112 on the surface 100a does not overlap the
projection of the conducting pad structures 104 on the surface
100a. That is, the spacer layer 112 is not right above the
conducting pad structures 104.

As shown in FIG. 1C, the wafer 10 may then be optionally
thinned. For example, a thinning process may be performed to
the surface 1005 of the semiconductor substrate 100 by using
the cover substrate 110 as a support, for thinning the semi-
conductor substrate 100 to a suitable thickness. The suitable
thinning process may be a mechanical polishing process, an
etching process, a chemical mechanical polishing process, or
a combination thereof.

As shown in FIG. 1D, in an embodiment, the wafer 10 may
be optionally disposed on the support substrate 118. For
example, the wafer 10 may be bonded to the support substrate
118 by an adhesion layer 116. The support substrate 118 may
be a semiconductor substrate, a ceramic substrate, a polymer
substrate, or a combination thereof. In an embodiment, the
support substrate 118 may be a glass substrate. The glass
substrate (e.g., having a thickness of 100 um) does not only
function as a support, but can also prevent the formation of a
parasitic capacitor between itself and the wafer and can limit
RF noise.

Then, a dicing process may be performed along a plurality
of scribe lines SC of the wafer 10 for forming a plurality of
separated chip packages. The dicing process may be single
cutting or segmented cutting processes. As shown in FIG. 1D,
a dicing process may be first performed to remove a portion of
the cover substrate 110 and expose the wafer 10. In an
embodiment, the first dicing process further removes a por-
tion of the spacer layer 112 and forms at least one recession
113 in the spacer layer 112. In an embodiment, a sidewall of
the spacer layer 112 (such as a sidewall of the recession 113)
may be substantially coplanar with a sidewall of the cover
substrate 110. In addition, the first dicing process may com-
prise using a scribing knife to remove a first portion and a
second portion of the cover substrate 110 at different times
such that a portion of the cover substrate 110 between the first
and second portions of the cover substrate 110 can be sepa-
rated naturally. For example, a portion of the cover substrate
110 at a left side of the scribe line SC and a portion of the
cover substrate 110 at a right side of the scribe line SC are
diced at different times such that the middle portion of the
cover substrate 110 can be separated naturally. After the first
dicing process, an opening 114 exposing the wafer 10 may be
formed in the cover substrate 110. However, it should be
noted that the embodiments of the present invention are not
limited to this. In other embodiments, an opening 114 may be
formed by the single cutting process, using a wider scribing
knife.
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Then, as shown in FIG. 1E, a second dicing process may be
performed for removing a portion of wafer 10 and forming a
plurality of separated chip packages. Then, the support sub-
strate 118 may be optionally removed. Alternatively, as
shown in FIG. 1F, a portion of the support substrate 118 may
be removed such that the support substrate 118 underlying the
plurality of chip is divided. The chip in the chip packages
(diced from the wafer) may comprise the semiconductor sub-
strate 100, the device region 102, the dielectric layer 106 and
the conducting pad structure 104. In an embodiment, the
sidewall of the support substrate 118 is not coplanar with the
sidewall of the chip.

FIGS. 2A and 2B respectively show top views of the chip
packages according to the present invention, in which same or
similar reference numerals are used to refer to same or similar
devices. As shown in FIG. 2A, in an embodiment, the size of
the area of the cover substrate 110 of the chip package may be
less than that of the support substrate 118. In addition, the
central point of the cover substrate 110 may not overlap with
the central point of the support substrate 118. That is, the
cover substrate 110 may not be disposed at the central area of
the support substrate 118. For instance, in the embodiment
shown in FIG. 2A, the cover substrate 110 is disposed on the
upper left area on the support substrate 118. In another
embodiment, as shown in FIG. 2B, the sidewall of the cover
substrate 110 may not be parallel to any sidewalls of the
support substrate 118.

FIGS. 3A-3F show cross-sectional views of the formation
of'a chip package according to an embodiment of the present
invention, in which same or similar reference numerals are
used to refer to same or similar devices. As shown in FIGS.
3A-3C, astructure as shown in FIG. 3C is formed by using the
steps similarto FIGS. 1A-1C. A wafer 10 may then be option-
ally disposed on a support substrate. In an embodiment, the
support substrate may be a dicing tape 200, as shown in FIG.
3D.

Then, a dicing process may be performed along a plurality
of predetermined scribe lines SC of the wafer 10 for forming
a plurality of separated chip packages. The dicing process
may be single cutting or segmented cutting processes. As
shown in FIG. 3E, a first dicing process may be first per-
formed for removing a portion of the cover substrate 100 so as
to expose the wafer 10. In an embodiment, the first dicing
process further removes a portion of the spacer layer 112 and
forms at least one recession 113 in the spacer layer 112. In an
embodiment, the sidewall of the spacer layer 112 (for
example, the sidewall of the recession 113) may be substan-
tially coplanar with the sidewall of the cover substrate 110. In
an embodiment, a wider scribing knife 500' may be used for
forming an opening 114 of the wafer 10 by a single cutting
process.

However, it should be noted that, the embodiments of the
present invention are not limited to this, the first dicing pro-
cess further comprises dicing a first portion and a second
portion of the cover substrate 110 at different times such that
a portion of the cover substrate 110 between the first and
second portions of the cover substrate 110 may be separated
naturally. For example, a portion of the cover substrate 110 at
a left side of the scribe line SC and a portion of the cover
substrate 110 at a right side of the scribe line SC are diced at
different times such that the middle portion of the cover
substrate 110 can be separated naturally.

Then, as shown in FIG. 3F, a second dicing process may be
performed for removing a portion of the wafer 10 and forming
a plurality of separated chip packages. Then, the dicing tap
200 may be optionally removed, and the chip packages are
detached.
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There are many variations of the embodiments of the
present invention. For example, FIGS. 4A-4C show cross-
sectional views of chip packages according to embodiments
of the present invention, in which same or similar reference
numerals are used to refer to same or similar devices.

As showninFIG.4A, in an embodiment, ahole 402 may be
formed in the spacer layer 112. For example, the hole 402 may
penetrate through the spacer layer 112. Alternatively, a hole
402' that does not penetrate through the spacer layer 112 may
be formed in the spacer layer 402'. As shown in FIG. 4B, the
recession 113' of the spacer layer 112 may not be coplanar
with the sidewall of the cover substrate 110. The spacer layer
112 may be a stack of a plurality of patterned material layers
formed by performing multiple deposition, exposure and
development processes. Alternatively, the spacer layer 112
may be a single layer of the patterned spacer material.

Inthe embodiments of the present invention, the chip pack-
age may have a significantly reduced size and can be fabri-
cated in mass production. In addition, the fabrication cost and
time may be reduced.

While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. To the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A chip package, comprising:

a chip, comprising:

a semiconductor substrate having a first surface and a
second surface;

a device region formed in the semiconductor substrate;

a dielectric layer disposed on the first surface; and

a conducting pad structure disposed in the dielectric
layer and electrically connected to the device region;

a cover substrate disposed on the chip, wherein a width of

the cover substrate is less than that of the chip; and

a spacer layer disposed between the chip and the cover

substrate wherein the spacer layer is made of a non-
electrically conductive material, wherein a cavity is cre-
ated and surrounded by the spacer layer, the chip and the
cover substrate on the device region, and wherein the
spacer layer directly contacts the chip, and no adhesion
glue is disposed between the chip and the spacer layer.

2. The chip package as claimed in claim 1, wherein the
cover substrate is a transparent substrate.

3. The chip package as claimed in claim 1, wherein the
projection of the spacer layer on the first surface is located
between the projection of the conducting pad structure on the
first surface and the projection of the device region on the first
surface.

4. The chip package as claimed in claim 1, wherein the
projection of the spacer layer on the first surface does not
overlap the projection of the conducting pad structure on the
first surface.

5. The chip package as claimed in claim 1, wherein the
spacer layer directly contacts the cover substrate.

6. The chip package as claimed in claim 1, wherein the
spacer layer has a recession, and a sidewall of the spacer layer
is substantially coplanar with a sidewall of the cover sub-
strate.

7. The chip package as claimed in claim 6, wherein the
sidewall of the spacer layer is a sidewall of the recession.

8. The chip package as claimed in claim 6, further com-
prising a hole in the spacer layer.
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9. The chip package as claimed in claim 8, wherein the hole
penetrates through the spacer layer.

10. The chip package as claimed in claim 1, further com-
prising a support substrate disposed on the second surface of
the semiconductor substrate.

11. The chip package as claimed in claim 10, wherein a
sidewall of the support substrate is not coplanar with a side-
wall of the chip.

12. The chip package as claimed in claim 11, wherein the
support substrate is a glass substrate.

13. The chip package as claimed in claim 1, further com-
prising an optical element disposed on the device region and
in the cavity.

14. The chip package as claimed in claim 1, wherein the
spacer layer directly contacts the semiconductor substrate,
the dielectric layer, an optical layer on the semiconductor
substrate or a flat layer on the semiconductor substrate of the
chip.

15. The chip package as claimed in claim 1, wherein the
spacer layer comprises a stack of a plurality of material lay-
ers.

16. A chip package, comprising:

a chip, comprising:

a semiconductor substrate having a first surface and a
second surface;

a device region formed in the semiconductor substrate;

a dielectric layer disposed on the first surface; and

a conducting pad structure disposed in the dielectric
layer and electrically connected to the device region;

a cover substrate disposed on the chip, wherein the size of

the area of the cover substrate is less than that of the
support substrate; and

a spacer layer disposed between the chip and the cover

substrate wherein the spacer layer is made of a non-
electrically conductive material, wherein a cavity is cre-
ated and surrounded by the spacer layer, the chip and the
cover substrate on the device region, and wherein the
spacer layer directly contacts the chip, and no adhesion
glue is disposed between the chip and the spacer layer.

17. The chip package as claimed in claim 16, wherein a
sidewall of the cover substrate is not parallel to any sidewalls
of the support substrate.

18. The chip package as claimed in claim 16, wherein a
central point of the cover substrate does not overlap with a
central point of the support substrate.

19. A method for forming a chip package, comprising:

providing a wafer, comprising:

a semiconductor substrate having a first surface and a
second surface;

a plurality of device regions formed in the semiconduc-
tor substrate;

a dielectric layer disposed on the first surface; and

a plurality of conducting pad structures disposed in the
dielectric layer, wherein each of the conducting pad
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structures is electrically connected to one of the
device regions, respectively;

providing a cover substrate;

forming a spacer layer on the wafer or the cover substrate

wherein the spacer layer is made of a non-electrically
conductive material;

mounting the cover substrate onto the wafer such that the

spacer layer is located between the wafer and the cover
substrate, wherein a plurality of cavities is created and
surrounded by the spacer layer, the wafer and the cover
substrate, and each of the cavities is located over one of
the device regions, respectively, and wherein the spacer
layer directly contacts the wafer, and there is no adhe-
sion glue disposed between the wafer and the spacer
layer; and

performing a dicing process along a plurality of predeter-

mined scribe lines of the wafer for forming a plurality of
separated chip packages, wherein the dicing process
comprises: performing a first dicing process for remov-
ing a portion of the cover substrate and exposing the
wafer; and providing a second dicing process for remov-
ing a portion of the wafer for forming the chip packages,
wherein a width of the cover substrate is less than that of
the wafer of the chip packages.

20. The method for forming a chip package as claimed in
claim 19, further comprising mounting the watfer onto a sup-
port substrate before the dicing process.

21. The method for forming a chip package as claimed in
claim 20, wherein the support wafer comprises a glass sub-
strate.

22. The method for forming a chip package as claimed in
claim 20, wherein the support substrate comprises a dicing
tape.

23. The method for forming a chip package as claimed in
claim 20, further comprising thinning the wafer before
mounting the wafer onto the support substrate.

24. The method for forming a chip package as claimed in
claim 19, wherein the first dicing process further removes a
portion of the spacer layer and forms at least one recession in
the spacer layer.

25. The method for forming a chip package as claimed in
claim 24, wherein the sidewall of the at least one recession is
substantially coplanar with a sidewall of the cover substrate.

26. The method for forming a chip package as claimed in
claim 24, wherein the first dicing process comprises remov-
ing a first portion and a second portion of the cover substrate
at different times such that a portion of the cover substrate
between the first portion and the second portion of the cover
substrate is separated naturally.

27. The method for forming a chip package as claimed in
claim 19, wherein the step of forming the spacer layer com-
prises performing multiple deposition, exposure and devel-
opment processes, for forming a stack of a plurality of pat-
terned material layers.
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